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The B2-type intermetallic NiAl has good oxidation resistance, in that it forms a slow-growing Al 2 O 3 film at elevated temperatures, which acts as a diffusion barrier to protect the alloy from continued oxidation. Addition of Pt has been known to significantly improve the Al 2 O 3 film adhesion 1 , such that even under thermal stresses of several GPa, the film reminds in contact with the alloy 2 . For this reason, Pt-modified
NiAl is widely used as a coating material on Ni-based superalloys 3 .
Recent studies have shown that the major effects of Pt on improving scale adhesion are to reduce the number of pores that form at the oxide/alloy interface 3 , and to reduce bond-weakening sulfur impurity in the alloy or coating from segregating to that interface 4, 5 . However, there has not been any indication as to why Pt should exert these effects. It is our goal that first principles calculations could provide some insights on the role of Pt in NiAl alloys. This paper reports results on the effect of Pt on NiAl surface energy. Before the surface energy calculations, we first determined the site preference of Pt in NiAl.
The site preference of Pt in NiAl has been studied recently 6 . From thermal conductivity measurements 6 1a-c. Supercells for the Ni(Al,Pt) alloys are similar to these, but with the Ni and Al positions in Fig. 1 reversed. Any effect on the total energy from lattice relaxation was neglected, because it has been shown to be small (less than 1 mRy/atom) 13,14 in comparison to that from atom substitution. explains why Pt has a tendency to occupy the Ni sites. In Model (Ni,Pt)Al-II, where all the Pt stays on the surface, the energy increase is where upon heating, Pt in Ni-37Al-5Pt and Ni-50Al-10Pt (all at%) segregated to the alloy surfaces up to about half a monolayer. Figure 4 shows, for NiAl and Pt-doped NiAl, surface-projected densities of states, which are DOS's summed over atoms at the surfaces and hence reveal features of the surface states. As can be seen, the energies of the local electronic states at the surface shift toward higher energy upon Pt doping, which is another verification that Pt addition increases NiAl surface energy. The increased surface energy of (Ni,Pt)Al, especially when Pt is present in the alloy, as in our model I, explains why Pt is found to segregate to NiAl surfaces when will certainly increase the void nucleation energy, hence making void formation more difficult.
In summary, we have investigated the electronic structure of NiAl containing Pt, and the effect of Pt on the surface energy of NiAl (110). It was found that the electronic states of Pt hybrid with those of Al more than those of Ni, giving the site preference of Pt on the Ni site. The surface energies of NiAl (with and without Pt alloying) have also been calculated. It was found that the alloying of Pt in NiAl pushes the local electronic states of the surface to higher energies, giving rise to an increased surface energy.
